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ABSTRACT 



To determine whether Fourier transform (FT)-IR spectral analysis combined with multivariate analysis of 
whole-cell extracts from ginseng leaves can be applied as a high-throughput discrimination system of 
cultivation ages and cultivars, a total of total 480 leaf samples belonging to 12 categories corresponding 
to four different cultivars (Yunpung, Kumpung, Chunpung, and an open-pollinated variety) and three 
different cultivation ages (1 yr, 2 yr, and 3 yr) were subjected to FT-IR. The spectral data were analyzed by 
principal component analysis and partial least squares-discriminant analysis. A dendrogram based on 
hierarchical clustering analysis of the FT-IR spectral data on ginseng leaves showed that leaf samples 
were initially segregated into three groups in a cultivation age-dependent manner. Then, within the 
same cultivation age group, leaf samples were clustered into four subgroups in a cultivar-dependent 
manner. The overall prediction accuracy for discrimination of cultivars and cultivation ages was 94.8% in 
a cross-validation test. These results clearly show that the FT-IR spectra combined with multivariate 
analysis from ginseng leaves can be applied as an alternative tool for discriminating of ginseng cultivars 
and cultivation ages. Therefore, we suggest that this result could be used as a rapid and reliable Fl hybrid 
seed-screening tool for accelerating the conventional breeding of ginseng. 

Copyright © 2013, The Korean Society of Ginseng, Published by Elsevier. All rights reserved. 



1. Introduction 

Panax ginseng Meyer belongs to the family Araliaceae and is a 
perennial plant in Korea and northern China [1]. Korean ginseng is 
an important medicinal plant with a long history [2]. The chemical 
constituents of P. ginseng roots, which are commonly used in herbal 
medicine applications, have been extensively studied and shown to 
include ginsenoside, polyacetylenes, acid polysaccharides, anti- 
oxidative aromatic compounds, and insulin-like acid peptides [3]. 
Korean ginseng has numerous biological activities of potential 
pharmaceutical interest, including antitumor, antidiabetic, and 
antiaging properties; it also enhances immune and brain functions 



and helps maintain homeostasis of the body [3]. In addition to 
traditional applications of medicinal ginseng plants, there is 
increasing demand for the development of new ginseng cultivars as 
medicinal crops [4]. However, the breeding of high quality ginseng 
seeds is difficult due to the insufficiency of varietal resources and 
the requirement for long-term management for seed setting. 

Conventional plant-breeding methods can improve both agro- 
nomic and medicinal traits, and molecular marker-assisted selec- 
tion systems are useful for hybrid selection [5]. Achieving such 
goals in ginseng species requires a high degree of genetic variation 
in the ginseng population along with high-throughput molecular 
marker-assisted selection systems. A number of molecular markers 
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have been used to evaluate genetic diversity within ginseng spe- 
cies, including amplified fragment length polymorphism markers 
[6-8], random amplified polymorphic DNA markers [9-14], and 
sequences of the chloroplast trnC-trnD region [15]. 

Recently, metabolomics, which represents the systematic study 
of the metabolite complement of integrated living systems and its 
dynamic responses to changes in both endogenous and exogenous 
factors, has been shown to offer many potential applications and 
advantages for the research of complex systems [16]. These meta- 
bolic approaches are usually combined with multivariate statistical 
analyses, which allow useful biological information to be extracted 
from complex metabolic data sets. The great advantage of the 
spectroscopic techniques used in metabolomic approaches is that 
they are simple and rapid due to the simplicity of sample prepara- 
tion and analysis, although their sensitivity is low compared to 
chromatographic techniques. These spectroscopic techniques are 
used in a variety of plant research applications, including rapid 
discrimination among plant species [17] and cultivars [18,19], 
metabolic evaluation of genetically modified plants [20-24], and 
prediction of chemical quality constituents [25] and medicinal herbs 
[26,27]. Thus, metabolomic approaches combined with multivariate 
analysis can be an effective strategy for comprehensively evaluating 
the qualities of medicinal plants [16]. A few studies have applied 
these spectroscopic techniques for metabolic discrimination of 
ginseng plants. For example, these techniques have been used to 
determine the cultivation age of ginseng root [28,29], classify 
ginseng according to cultivation area or origin [30-33], identify 
biomarkers capable of distinguishing different ginseng varieties 
[27,34,35], and quantify chemical compounds in ginseng roots. 

The aerial part of ginseng dies at the end of the growing season 
and is newly produced the following spring. In addition, as the 
ginseng plant is competent to flower from the 3rd yr of cultivation 
[36], a flower-inducing substance could be present in the metab- 
olites of the aerial part generated from 2-yr-old roots. Therefore, it 
is an interesting dilemma whether or not metabolic profiling of a 
leaf sample would represent the age of the root. If so, metabolites 
related to aging of the root would be transported from the root to 
the aerial part. Therefore, the aim of this study was to examine the 
possibility that leaf samples instead of the root can be used for the 
discrimination of cultivars or cultivation ages using Fourier trans- 
form (FT)-IR spectral analysis combined with multivariate analysis. 

2. Materials and methods 

2.1. Plant materials and preparation of whole-cell extracts 

Leaves of four cultivars, P. ginseng Meyer cv. Yunpung, Kumpung, 
Chunpung, and an open-pollinated variety, were provided by 
Jeollabuk-do Agricultural Research and Extension Services (Fig. 1). 
Whole leaf samples from each individual were excised and rapidly 



frozen by pouring liquid N2 over leaves after sample collection. Leaf 
samples were freeze-dried, ground into powders, and stored 
at -70°C before analysis. A total of 480 leaf samples belonging to 12 
categories corresponding to the four different cultivars and three 
different cultivation ages (1 yr, 2 yr, and 3 yr) were analyzed in this 
study. Crude whole-cell extracts were prepared for FT-IR analysis. 
Five milligrams of each ginseng leaf powder was combined with 
100 |iL of extraction buffer [20% (v/v) methanol] in a 1.5 mL 
microfuge tube, mixed vigorously, and incubated in a 50° C water 
bath for 10 min with occasional vortexing. Mixtures were centri- 
fuged at 13,000 x g for 5 min, and supernatants were transferred to 
fresh tubes. Centrifugation was repeated if cell debris was not fully 
removed. These crude whole-cell extracts from ginseng leaves were 
stored at -20° C prior to FT-IR spectroscopy analysis. 

2.2. FT-IR spectroscopy and spectral data processing 

For FT-IR spectroscopy analysis, 5 |iL aliquots of prepared crude 
whole-cell extracts were loaded onto a 384 well silicon plate on a 
hotplate prewarmed to 37° C. After the samples were dried, the 384 
well silicon plate was placed in a microplate reader unit (HTS-XT; 
Bruker Optics GbH, Ettlingen, Germany). FT-IR spectra were ob- 
tained using the OPUS program (version 6.5; Bruker, Ettlingen, 
Germany). Each spectrum was recorded from 4,000 cm -1 to 
400 cm -1 using a spectral resolution of 4 cm -1 . Signal-to-noise 
ratio was improved by co-adding 128 interferograms and averaging 
with the analytical results. Infrared spectra were obtained by sub- 
tracting the spectra of the plates (background) used for deposition 
of the samples. For multivariate analysis, the digitized original FT-IR 
spectra were preprocessed (including correction for baseline), and 
spectral intensity was normalized using the OPUS program (version 
6.5; Bruker, Ettlingen, Germany). These preprocessed spectral data 
were then subjected to multivariate analyses. 

2.3. Multivariate statistical analysis 

For multivariate analysis, the 1,800-800-cirT 1 region of the FT-IR 
spectral data rather than the full spectrum was subjected to multi- 
variate analysis. The preprocessed FT-IR spectral data after a second 
differentiation were imported into the R statistical analysis program 
(version 2.7.2; R Development Core Team) for principal component 
analysis (PCA), hierarchical clustering analysis (HCA), and partial 
least squares-discriminant analysis (PLS-DA). PCA as the represen- 
tative unsupervised pattern recognition method is used to examine 
the intrinsic variation in the data set, whereas PLS-DA is a supervised 
pattern recognition method maximizing the separation between 
samples. PCA and PLS-DA were conducted using the R program. PCA 
scores extracted from PCA analysis were used to calculate the cor- 
relation matrices, and PLS-DA was applied for rapid discrimination 
among the four ginseng cultivars. To identify variables that were 




Fig. 1. Representative leaf morphology of ginseng (Panax ginseng Meyer cv. Kumpung) grown on fields. (A) 1-yr-old ginseng leaves, (B) 2-yr-old ginseng leaves, and (C) 3-yr-old 
ginseng leaves. Scale bars represent 5 cm. 
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Fig. 2. Representative Fourier transform infrared (FT-IR) spectra from ginseng leaves of different cultivars and cultivation ages. (A) Each line represents the FT-IR spectra from four 
types of ginseng cultivars (Yunpung, Kumpung, Chunpung, and an open-pollinated variety) subjected to FT-IR spectroscopy analysis. (B) Each line represents FT-IR spectra from 
ginseng leaves of the open-pollinated variety of ginseng with different cultivation ages (1 yr, 2 yr, and 3 yr). 



more valuable for species discrimination among the four ginseng 
cultivars, we examined PCA loadings. A hierarchical dendrogram was 
constructed from PLS-DA of the FT-IR data by the unweighted pair- 
group method with arithmetic mean analysis using the R program; 
Euclidean distance was used as the similarity measure. 

A PLS-DA prediction model for cultivar discrimination from the 
FT-IR spectral data was created by applying PLS-DA. The PLS-DA 
model was validated using the cross-validation method, as repeated 
random subsampling validation [37]. The total dataset was 
randomly divided into two parts: a training set that was used to 
build a model (350 samples); and a test set that was not used in the 
regression model, but was used to verify the model's predictive 
ability (130 samples). The classification model for cultivars and 
cultivation ages of ginseng was developed by a PLS-DA function in 
the caret package in the R program. A test sample was applied to 
validate the model. This process was repeated 10 times to reduce 
error from randomization. The predictive ability of PLS-DA model 
for prediction of age and cultivar was represented as accuracy and p. 



3. Results 

3.1. Rapid discrimination of cultivation ages of ginseng leaves by FT- 
IR spectroscopy combined with multivariate analysis 

As the ginseng plant ages and grows more leaves, typically 
having five leaflets, development continues until the 5th yr [38]. 
First-yr ginseng seedlings produced only one compound leaf with 
three leaflets (Fig. 1 A). Two-yr-old plants had two leaves each with 
three to five leaflets, rarely four leaflets (Fig. IB); 3-yr-old plants 
had three and four leaves, respectively, each with three to five 
leaflets (Fig. 1C). Quantitative FT-IR spectra from ginseng leaves of 
different cultivars (Fig. 2A) and cultivation ages (Fig. 2B) were ob- 
tained (Fig. 2). The most significant spectral variation among the 
four ginseng cultivars was observed in the polysaccharide region 
(1,050-1,150 cm" 1 ) and amide region (1,550-1,650 cm" 1 ) of the 
FT-IR spectra (Fig. 2 A). The quantitative spectral variation among 
cultivation ages of ginseng leaves was also observed in the 




Fig. 3. Fourier transform infrared (FT-IR) spectra from ginseng leaves of different cultivars and cultivation ages. (A) Principal component (PC) analysis. Broken circles represent each 
cultivation age. Capital letters represent each cultivar (Y, Yunpung; K, Kumpung; C, Chunpung; N, open-pollinated variety), and numbers represent cultivation age. (B) PC-loading 
plots. Unbroken and broken lines represent loading values for PC 1 and PC 2, respectively. 
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polysaccharide region (1,050-1,150 cm -1 ) and in a broad range 
(1,200-1,500 cm" 1 ) corresponding to phospholipid/DNA/RNA [39] 
of the FT-IR spectra (Fig. 2B). These FT-IR spectral variations from 
leaf samples simply indicate that there were qualitative and 
quantitative metabolic changes between the cultivars and cultiva- 
tion ages of ginseng. The PCAs of the FT-IR spectral data are dis- 
played in a two-dimensional plot using the first two principal 
components (Fig. 3 A), which together accounted for 37.5% and 
15.7% (53.2% total) of the total variation. PCA score plot showed that 
most leaf samples belonging to the same cultivation age segregated 
into broad boundaries indicating that PCA had a relatively high 
distinguishing capacity between ginseng leaf samples with a 
cultivation age dependent manner. Identifying the most significant 
spectral variables (i.e., those exhibiting the greatest variance on PC 
1 and PC 2 scores) for sample separation is possible using PCA 
loading values. A PC score loading plot based on PCA data from 
ginseng leaves is displayed in Fig. 3B. Significant FT-IR spectral 
variables for determining PC 1 and PC 2 were mostly distributed in 
the polysaccharide region (1,050-1,150 cm -1 ) and amide region 
(1,550-1,650 cm" 1 ) of the FT-IR spectra, respectively (Fig. 3B). 
These results indicate that qualitative and quantitative metabolic 
changes corresponding to polysaccharides and protein/amide re- 
gions I and II were important variations related to cultivation age. 

PLS-DA also indicated that a more discrete clustering pattern of 
ginseng leaves was possible (Fig. 4A). Most samples belonging to 
the same cultivation age, except the 2-yr-old open-pollinated va- 
riety, were grouped more closely in discrete clusters than they were 
in the PCA, indicating that PLS-DA was more clearly able to 
distinguish between cultivation ages. A dendrogram based on PLS- 
DA of the FT-IR spectral data (Fig. 4B) showed that the 12 categories 
of ginseng cultivars were separated into two major groups in a 
cultivation age-dependent manner without the 2-yr-old open- 
pollinated variety. The first group consisted of all 1 -yr-old ginseng 
cultivars and the 2-yr-old open-pollinated variety. The second 
group was composed of two subgroups: the first consisted of 2-yr- 
old ginseng cultivars (except the open-pollinated variety), whereas 
the other consisted of all 3-yr-old ginseng cultivars. These results 
clearly showed that HCA dendrogram was able to discriminate 
between ginseng leaf samples with a cultivation age dependent 
manner. Furthermore, HCA dendrogram also showed that there 



were more significant variations in the overall metabolic pattern 
between 1 -yr-old and 2-yr-old leaves than between 2-yr-old and 3- 
yr-old leaves. Only a group consisting of the 2-yr-old open-polli- 
nated variety from the 12 total groups was not precisely discrimi- 
nated in this study. The overall results from PCA and PLS-DA 
showed that the 12 total categories of ginseng leaf samples formed 
a cluster in a cultivation age-dependent manner, except for the 2- 
yr-old open-pollinated variety. These results imply that common 
metabolic changes occurred in ginseng with increasing cultivation 
age, and metabolic changes depending on the cultivation age were 
much greater than those depending on the cultivar. 

32. Discrimination and prediction of ginseng cultivars within the 
same cultivation age by PLS modeling 

As shown in Fig. 4, the overall metabolic relationship among 
ginseng leaves was more affected by the cultivation age than the 
cultivar. If the common metabolic variations derived from cultiva- 
tion age were removed, a clearer and more reliable discrimination 
of ginseng cultivars might be possible. To examine this possibility, 
we divided total FT-IR spectral data sets into three subsets corre- 
sponding to the same cultivation age. Each ginseng sample 
belonging to the same cultivation age was reanalyzed by PLS-DA. 
Interestingly, ginseng leaf samples were successfully discriminated 
in a cultivar-dependent manner (Fig. 5). Thus, the four ginseng 
cultivars were successfully discriminated within 1-yr leaves 
(Fig. 5A), 2-yr leaves (Fig. 5B), and 3-yr leaves (Fig. 5C), respectively. 
These results show that ginseng leaves could be discriminated in a 
cultivar-dependent manner using FT-IR combined with multivar- 
iate analysis. 

To verify the practical applicability of PLS-DA for the discrimi- 
nation of cultivation ages and cultivars of ginseng, we conducted a 
cross-validation test (Table 1 ). In this, 96.2% of the cross-validated 
group cases were correctly classified. Only a sample from 15 in- 
dividuals belonging to the 1 -yr-old Chunpung cultivar was mis- 
classified. Two samples from five individuals belonging to the 1 -yr- 
old Yunpung cultivar were not correctly classified. However, these 
misclassifications were only observed within the same cultivation 
age. The average accuracy for cross-validation test was 94.8%, 
which was statistically significant (p = 0.00625). 
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Fig. 4. Partial least squares-discriminant analysis (PLS-DA) score plot and hierarchical clustering analysis dendrogram of Fourier transform infrared data from ginseng leaves. (A) 
Two-dimensional PLS-DA score plot of Fourier transform infrared data from ginseng leaves. Dotted circles represent each cultivation age. (B) A dendrogram based on hierarchical 
clustering analysis of PLS-DA data from ginseng leaves. Capital letters represent each cultivar (Y, Yunpung; K, Kumpung; C, Chunpung; N, open-pollinated variety), and numbers 
represent cultivation age. 
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Fig. 5. Partial least squares-discriminant analysis score plots from different cultivation ages. (A) 1 yr, (B) 2 yr, and (C) 3 yr. Capital letters and dotted circles represent each cultivar (Y, 
Yunpung; K, Kumpung; C, Chunpung; N, open-pollinated variety), and numbers represent cultivation age. 



4. Discussion 

4.1. Metabolic evaluation of cultivation ages and cultivars of 
ginseng by FT-IR spectroscopy combined with multivariate analysis 

In general, ginseng root is used more than other parts such as 
the leaf and stem, although extracts from the ginseng leaf and stem 
also contain similar active ingredients with pharmacological 
functions [40]. Ginseng leaf and stem extracts contain numerous 
active ingredients, including ginsenosides, polysaccharides, tri- 
terpenoids, flavonoids, volatile oils, polyacetylenic alcohols, pep- 
tides, amino acids, and fatty acids [40]. The biologically active 
ingredients of Panax species are mainly a group of dammarane-type 
triterpenoid glycosides often referred to as saponins. Over 30 gin- 
senosides have been isolated from the roots, leaves, stems, flower 
buds, and berries [41]. However, ginsenoside content varies 
depending on the plant part and age [41,42]. Ginseng is a deciduous 
herbaceous plant that perennially loses its leaves in late fall, with 
the remaining roots persisting through winter. The leaf samples 
used in this study were of the same seasonal age. Therefore, it is of 
interest that the leaf samples reflected the chronological age of the 
roots. The results suggest that ginseng root accumulates or pro- 
duces different components as chronological age increases. 

In this study, FT-IR combined with multivariate analysis was 
capable of discerning metabolic differences among different 



cultivation ages and cultivars of ginseng. PCA was able to distin- 
guish between ginseng samples in a cultivation age-dependent 
manner (Fig. 3). Similar to PCA, PLS-DA was also able to discrimi- 
nate among ginseng samples in a cultivation age-dependent 
manner, except for the 2-yr-old open-pollinated variety (Fig. 4). 
These results imply that FT-IR combined with multivariate analysis 
from ginseng leaves could be applied for the metabolic discrimi- 
nation of cultivation age. Our results also show that a longer 
cultivation period was associated with a greater metabolic variation 
in ginseng leaves. Furthermore, there were more significant varia- 
tions in the overall metabolic pattern between 1-yr-old and 2-yr- 
old leaves than between 2-yr-old and 3-yr-old leaves. Only a group 
consisting of the 2-yr-old open-pollinated variety from the 12 total 
groups was not precisely discriminated in this study. It is possible 
that sampling errors or contamination during leaf sample prepa- 
ration could account for this failure. However, we could not reex- 
amine the 2-yr-old open-pollinated variety due to the long periods 
required to obtain leaf samples. We also cannot exclude the pos- 
sibility that this exclusion reflects inherent characteristics of the 
open-pollinated variety. Recently, Lin et al [29] reported that Proton 
nuclear magnetic resonance ( a H NMR) fingerprint analysis is able to 
evaluate cultivation ages of dried ginseng roots. Considering these 
results, we suggest that FT-IR spectroscopy combined with multi- 
variate analysis can be applied for the discrimination of cultivation 
ages and cultivars of ginseng leaves. 



Table 1 

Representative of PLS-DA results from FT-IR spectral data of ginseng leaves 1 
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C, Chunpung; K, Kumpung; numbers represent cultivation ages; 0, open-pollinated variety; Y Yunpung. 

1) The discriminant functions were determined using the first seven principal components determined by principal component analysis. In cross-validation, each case was 
classified by the functions derived from all other cases. A total of 350 Fourier transform infrared spectral datasets were used for training in partial least squares modeling. The 
remaining 130 Fourier transform infrared spectral datasets were used for prediction tests. Abbreviations represent each ginseng cultivar. Accuracy = 0.9615; p = 0.005. 
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The highest FT-IR spectral variations from ginseng leaves were 
observed in the polysaccharide region (1,050-1,150 cm -1 ), amide 
region (1,550-1,650 cm -1 ), and in a broad range (1,200- 
1,500 cm -1 ) corresponding to phospholipid/DNA/RNA [39] of the 
FT-IR spectra (Fig. 2). Identifying the most significant FT-IR spectral 
variables (i.e., those exhibiting the greatest variance on PC 1 and PC 
2 scores) for the discrimination of cultivation ages and cultivars of 
ginseng is possible using PCA loading values. Significant FT-IR 
spectral variables for determining PC 1 and PC 2 were mostly 
distributed in the polysaccharide region (1,050-1,150 cm -1 ) and 
amide region (1,550-1,650 cm -1 ) of the FT-IR spectra, respectively 
(Fig. 3). These results indicate that qualitative and quantitative 
metabolic changes corresponding to polysaccharides and protein/ 
amide regions I and II were important for discrimination of culti- 
vation ages and cultivars. Therefore, the overall change in poly- 
saccharides and proteins might play a significant role in 
discriminating between the cultivars and cultivation ages of 
ginseng. 

Many previous studies regarding IR peak assignment and the 
chemical composition of ginseng have been reported. The major 
metabolites of Korean ginseng (P. ginseng) and American ginseng 
(Panax quinquefolius) are glutamine, arginine, sucrose, malate, and 
myo-inositol [27]. Thus, glucose, fumarate, and various amino acids 
could serve as biomarkers for quality assurance in ginseng [27]. 
Spectroscopic techniques yield spectra that present key bands 
characteristic of individual components; these data provide infor- 
mation about the chemical composition of the sample, including 
both primary and secondary metabolites [43,44]. Sugars, including 
cellulosic, hemicellulosic, and pectic polysaccharides of cell walls 
and soluble sugar compounds, give a complex fingerprint due to 
their characteristic bands in the 900-1,200 cm -1 region of the 
infrared spectrum [45-47]. Cellular proteins and amino acids also 
give characteristic peaks of 1,750-1,600 cm -1 , 1,600-1,500 cm -1 , 
and 1,350-1,200 cm -1 , which are assigned the designations amide 
I, amide II, and amide III, respectively [44,48-51]. Previously, we 
reported that strawberry cultivars could be discriminated from leaf 
samples based on FT-IR spectral differences at the 1,650- 
1,700 cm -1 and 950-1,050 cm -1 regions [19]. Edwards et al [32] 
reported that Chinese ginseng specimens with different countries 
of origin could be discriminated by the presence of characteristic 
bands near 980 cm -1 and 1,600 cm -1 in FT-Raman spectra. Not only 
primary metabolites but also secondary metabolites are important 
for characterization of ginseng roots. Phenol compounds give a 
complex fingerprint due to their characteristic bands in the 1,260- 
1,180 cm -1 range [44]. 

Chemical compositions of ginseng can be altered depending on 
various environmental and biological factors. Ginsenoside contents 
vary depending on the plant part and age of ginseng [41,42]. The 
content of polyacetylenes decreases with increasing root size [52]. 
Calcium oxalate and fatty acids in ginseng root also can vary 
depending on the cultivation area or method [33]. It has been also 
shown that quantitative changes in aromatic compounds can be 
used to discriminate ginseng roots with different ages [28]. In the 
case of the olive tree, secondary metabolites in leaves play a sig- 
nificant role in cultivar discrimination by multivariate analysis [53]. 
In this study, the most significant FT-IR spectral regions for the 
discrimination of cultivation ages and cultivars of ginseng were the 
polysaccharide region (1,050-1,150 cm -1 ), amide region (1,550- 
1,650 cm -1 ), and the broad range of 1,200-1,500 cm -1 corre- 
sponding to phospholipid/DNA/RNA (Figs. 2 and 3). Considering 
these results, we inferred that the significant FT-IR spectral varia- 
tions in this study were directly related to changes in major me- 
tabolites (sugars and amino acids) and secondary metabolites 
(aromatic compounds) of ginseng leaves. 



42. Prediction of cultivation ages and cultivars of ginseng leaves by 
PIS-DA modeling 

The overall metabolic variations between cultivation ages were 
much greater than those within cultivars. PLS-DA was able to 
discriminate ginseng cultivars within the same cultivation age 
groups (Fig. 5). These results show that FT-IR combined with 
multivariate analysis could be used as a reliable tool for metabolic 
discrimination of ginseng cultivars. Recently, a novel method 
combining high performance liquid chromatography fingerprint 
and simultaneous quantitative analysis of multiple components 
was developed for quality evaluation of medicinal plants [54,55] or 
cultivar discrimination [53], However, these chemical finger- 
printing protocols require complex sample preparation as well as 
metabolite analysis. In this regard, FT-IR could be easily applied 
without these complexities. 

To verify the practical applicability of PLS-DA for the discrimi- 
nation of cultivation ages and cultivars of ginseng, we conducted a 
cross-validation test (Table 1). In this, 96.15% of the group cases 
were correctly classified. The average accuracy for the cross-vali- 
dation test (xlO) was 94.8%, which was statistically significant 
(p = 0.00625). These results clearly show that cultivation ages and 
cultivars were simultaneously discriminated through PLS modeling 
with high accuracies. Kim et al [56] reported that age discrimina- 
tion of ginseng roots is possible using NMR or Liquid chromatog- 
raphy-mass spectrometry (LC/MS). However, in this study, we 
showed that it was possible to discriminate cultivation ages and 
cultivars using multivariate analysis of FT-IR spectra from ginseng 
leaf samples. We also observed that cultivation age-dependent 
metabolic changes were much greater than cultivar-dependent 
ones in ginseng leaf. These results imply that aging-related me- 
tabolites in the roots are transported to the aerial part of ginseng. 

In conclusion, this study showed that FT-IR combined with 
multivariate analysis was capable of discerning metabolic differ- 
ences in ginseng leaf in a cultivation age-dependent or cultivar- 
dependent manner. Moreover, we showed that quantitative and 
qualitative modifications of polysaccharide and amide regions of 
FT-IR spectra from ginseng leaves have the potential to act as 
metabolic markers for discriminating among different ginseng 
cultivars and cultivation ages. Similar to the suggestion of Di Donna 
et al [53] and Schulz and Baranska [44], such metabolic markers 
could be applied to characterize different cultivars or chemotypes 
among the same species. Therefore, we suggest that FT-IR could 
determine the genetic relationship among genotypes from different 
ginseng cultivars. Furthermore, FT-IR spectroscopy techniques 
could be applied for high-throughput screening and metabolic 
evaluation of new cultivars or elite lines in conventional breeding 
programs. 
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